Chapter 4: Normal and Anomalous Coronary Arteries in Humans. Part 2: Angiographic Atlas of Coronary Anomalies by Angelini, Paolo et al.
IB
S IITYIAIONY A}[VNO}IO3 CO
S\flIIY SIHdVTIOOIONY
II IJBd
'euoe oql olur leualeuJ
lselluoc lo Mouol eltdsep vcl roqlo eql lo uorlezrlensr^ lo )cel aloN 'uortcolord oues oLl] ur fuoue xolluncrc 'g
'oseasrp fueuoroc esn;;rp butlroqs 'uorlceford anbt;qo rouelue 1q6u eq1 ul CVI oql 1o u-rerborbuy 'y 't'tUC etnbll
1 
'(rynr1 ur?ru Uel luesqe) CV'I eq] ol esu ereS
l?ql lllnqso aleredes eql 01 lueJ€lp? 'snuls cruoe rol-reluu uel eql
ur urnrlso luepuedepur ue tuog esoff qJrq.^\ 'fuege xagurncrrc
prurxo:d eqt;o ,{lseldor8ue uoolpq InJsseccns lue,trepun luetled
er{J 'Ieuuou se,tr uorlce4 uortcele r€lnculuel Uet eqJ '(St'lUC
'3rg) ,&eue xegruncrrc prurxord eql Jo uorsel rrtouets flpcrluc e
pu? '(yI'tUJ '8tg) qVf eqt Jo eseesrp esnJJIp 'VJd tu?uruop
-uou eql Jo uorsnlcoo pelee^eJ uoqezlJeleqlec cerpre3 'eut8ue
e,rrsserSord qlr.{\ peurupe se.t uonelt8rn8ar pnru puE esueslp
,{reue ,fteuoroc;o .{rolsrq snor,rerd e qlr,ln ueurol\ p1o-ree.{-99 y
{unrJ UIBIN ila.I luasqv
r't ruodsu ssYJ
98 / slw^ung NI sf,ItrsJtrv a{vNodo3 snorv7[oNv (INVTv7\nloN
84 / Crrerrnn 4
CASE REPORT 4.2
Anomalous Location of the Coronary Ostium in the Appropriate Sinus: High Origination of the RCA
A 12-year-old man with diabetes mellitus and hypertension pre-
sented with recent-onset angina. The patient was a cigarette
smoker and had a family history of coronary artery disease. A
myocardial infarction was diagnosed. Cardiac catheterization re-
vealed occlusion of the RCA, which had a high anterior origin
in the right sinus (Fig. CR4.2, A-C). The left coronary system
filled the branches of the distal RCA by means of collateral ves-
sels. Submaximal thallium exercise testing showed a nonreversi-
ble defect in the inferior ventricular wall. Continued medical
treatment was recommended. I
Figure CR4.2. Angiograms of the RCA in the left (A) and right (B)
anterior oblique projections. The ostium has a high anterior origin, close
to the anterior commissure. The vessel is totally occluded distal to an
anterior ventricular branch. Contrast medium spills over into the left
anterior cusp (L), from which the LCA originates. C. Schematic diagram
of the coronary anomaly (coronal plane). x : Eccentric site of origin
of the RCA, close to the anterior commissure.
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Anomalous Location of the Coronary Ostium in, or Close to, the Appropriate Sinus: Low Origination of the RCA
A 77 -year-old woman presented with a 1-week history of inter-
mittent chest pain that radiated to her left shoulder. The patient
was a cigarette smoker with hypertension and severe aortic insuf-
ficiency, as well as a l-year history of dyspnea and fatigue. Car-
diac catheterization confirmed the presence of severe aortic insuf-
ficiency and normal coronary arteries with low origination of the
RCA (Fig. CP.4.4, A-B). The aortic regurgitation was assumed
to be related to systemic hypertension, with dilation of the aortic
annulus. For a diagram of a similar anomaly, see Figure 4.7. I
Figure CR4.4. Angiograms of the RCA in the left (A) and right (B) anterior oblique projections (see text).
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F
Figure GR4.7. (Continued) E. ln this schematic diagram, imaged in the coronal plane, the LCA originates close to
the posterior commissure (1) of the coronary sinus and away from the anterior commissure (2). F. This schematic
diagram, imaged in the sagittal plane, shows the ostial location in its vertical relationship to the left coronary sinus.
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CASE REPORT 4.9
Anomalous Location of the Ectopic Coronary Ostium Outside the Normal "Coronary" Sinuses: Origination of the
Circumflex Artery From the Right Posterior ("Noncoronary") Sinus and Absent Left Main Trunk
A 70-year-old man with hypertension, hyperlipidemia, and a pre-
vious myocardial infarction presented with progressive angina.
Cardiac catheterization showed triple-vessel coronary obstructive
disease and diffuse hypokinesia (Fig. CR4.9, A and B). The cir-
cumflex artery originated separately and anomalously from the
posterior aortic sinus (Fig. CR4.9, C). The LAD originated inde-
pendently from the left aortic sinus, so this case involved an ab-
sent left main trunk. Aortocoronary artery bypass surgery was
successfully carried out. I
Figure CR4.9. A. Aortogram in the left anterior oblique projection.
This image suggests, but does not prove, the absence ol a left main
trunk. The aortic sinuses are grossly equal in size. Cx : circumflex
artery; L : left; LAD 
- 
left anterior descending artery; N : noncoro-
nary sinus; R : right sinus. B. Selective angiogram of the LAD,
in the right anterior oblique projection, showing the artery's isolated
origination from the left coronary sinus (L). N : noncoronary sinus.
C. Nonselective angiographic visualization of the circumflex artery,
in the posteroanterior prolection, showing that this artery originates
from the noncoronary sinus (N), independently of the LAD. The distal
RCA (RC) is filled via collateral vessels from lhe circumflex artery.
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Anomalous Location of the Coronary Ostium Outside the
From the Pulmonary Artery
A 26-year-old woman with dyspnea and atypical chest pain was
admitted for cardiac evaluation. Physical examination disclosed
a continuous murmur at the left sternal border. Transesophageal
Doppler echocardiography showed a dilated RCA, with an abnor-
mal vessel showing a high-velocity flow signal and draining into
the pulmonary artery. Moderate, diffuse left ventricular hypo-
kinesia (ejection fraction, 357o) was also present. Catheterization
Normal ttCoronarytt Sinuses: Origination of the LCA
showed that the LCA originated anomalously from the posterior
sinus of the pulmonary artery;' a significant oxygen step-up was
present, with a calculated pulmonary-to-systemic flow ratio of
1.9: 1. The LCA was reimplanted directly into the aortic root,
and the pulmonary artery was repaired with an expanded polytet-
rafluoroethylene patch. )
Figure CR4.11. See legend on next page
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CASE REPORT 4.12
RCA Arising From the Left Anterior Sinus: "Single Left Coronary System" with the RCA Arising From the Distal
Circumflex Artery and Following a Posterior Course
A29-year-old man, with a history of insulin-dependent diabetes
mellitus and cigarette smoking, was admitted for exertional an-
gina, diaphoresis, and dyspnea. At age 5 years, he had under-
gone surgical repair of a patent ductus arteriosus and pulmonic
stenosis. During the present admission, echocardiography re-
vealed an atrial septal defect, mild pulmonary hypertension, and
moderate pulmonary insufficiency. Cardiac catheterization con-
firmed these findings and showed that the LCA was anomalous
(it indeed had a mixed proximal trunk) because it produced not
only the LAD and the circumflex arteries but also all of the
right coronary branches, including the posterior descending ar-
tery and the anterior infundibular (terminal) branches (Fig.
CR4.l2, A and B). The RCA arose from the distal circumflex ar-
tery and followed a posterior course. Elective closure of the
atrial septal defect was recommended but has not yet been car-
ried out. I
Figure CR4.12. A. Angiogram of
the LCA in the posteroanterior projec-
tion (see text). Mx : mixed proximal
trunk; PD : posterior descending ar-
tery; R : terminal RCA branches. B,
Schematic diagram of the coronary
anomaly (coronal plane).
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CASE REPORT 4.I4
Anomalous Location of the Coronary Ostium in the Opposite Sinus: Circumflex Artery Arising From the Right
Anterior Sinus (Mixed Trunk) and Following a Retrocardiac Course Behind the Atrioventricular Valves
A 70-year-old man, with a history of hypertension, cigarette
smoking, diabetes mellitus, and coronary artery disease, pre-
sented with unstable angina. Cardiac catheterization revealed
nonobstructive plaques in the LAD and the diagonal artery; the
LAD was the only vessel to originate from the left sinus (Fig.
CR4.l4A). The territories of the circumflex and obtuse marginal
arteries were supplied by terminal branches of the "RCA:" the
proximal coronary artery, which arose from the right sinus, was
actually a mixed trunk (producing the RCA ,rnd the circumflex
artery) until it passed the cardiac crux an{t're posterior descend-
ing artery (Fig. CR4.14, B and C). After that point, it became an
anomalous circumflex artery with two large obtuse marginal
branches. Continued medical treatment was recommended. I
Figure CR4.14. A. Angiogram of the LAD in the right anterior oblique
projection. B. Angiogram of the right-sided coronary vessel in the left
anterior oblique projection. This highly dominant vessel produces not
only the posterior descending artery (P) but also two obtuse marginal
(OM) branches. The implication is that the circumflex artery is the termi-
nal branch of a mixed trunk, composed of the RCA and the circumflex.
C. Schematic diagram of the coronary anomaly (coronal plane). cx 
-
circumflex artery; Mx : mixed proximal trunk.
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Figure CR4.15. Angiograms of the circumflex artery
in the posteroanterior (A) and left anterior oblique
(B) projections, showing origination of the posterior
descending (PD) and atrioventricular node (AV) ar-
teries from the distal vessel. The RCA (R), which has
an adjoining ostium, is also visible. C. On selective
injection, the RCA (R) appears as a small, nondomi-
nant vessel in the atrioventricular groove; a large an-
terior right ventricular branch also provides collater-
als to the LAD. Right (D) and left (E) anterior oblique
views of the left-sided artery, showing a stump of the
LAD (view D; arrow, view E) and a large diagonal
(ramus) branch.
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Anomalous Location of the Coronary Ostium in the Opposite Sinus: Circumflex Artery Arising From the Right
Anterior Sinus and Following a Retroaortic Path
A 34-year-old man with a history of hypertension was admitted
for the evaluation of atypical nonexertional chest pain. A resting
nuclear scan showed a defect in the inferoposterior portion of
the left ventricle. At cardiac catheterization, no coronary artery
disease was present, but the circumflex artery originated abnor-
mally from the right coronary sinus and followed a retroaortic
path; there was no left main trunk proper (Fig. CR4.11, A D).
Figure CR4.17. Angiograms of the anomalous circumflex artery in the posteroanterior (A) and left anterior oblique(B) projections. The artery follows the posterior aortic annulus as far as the origin of the first branch, the ramus
intermedius (RM). Also visible is the distal circumflex (DCx) and codominant (circumflex-right) pattern. C. Angiogram
of the LAD in the right anterior oblique projection. ln cases of this type, there is no left main trunk proper. D. Schematic
diagram of the coronary anomaly (coronal plane). RM 
- 
ramus intermedius; DCx : distal circumflex.
The patient had evidently had a false positive nuclear stress test
in the presence of normal coronary circulation. The hypothesis
that he had had a previous myocardial infarction related to the
anomalous path of the circumflex artery could not be supported
by the clinical history, the electrocardiogram, or ventricular func-
tion studies. No intervention was necessarv. I
D
'vcl - I 'snurs ual eql lo Luo[oq allt ]e alqrsr^ 
^lareq sr (speeq/v\oJe) fuepe xalluncrc snoleuoue eLlI snurs uel aql uoJl
O11I oql lo uorleurbuo ;eurou 6urivroqs 'uorlcelord enbr;qo rouelue ge;
eql ur 'ure.rOopoy'3 '(rvrore) u0rs ,,'gop,, ro ,,'a;ddru,, e sgrqrqxa ftepe
xelluncjrc snoleuloue aql :so^lp^ lerlrul pue cruoe aql ueemlaq dtqs
-uorlelor eq1 6urmoqs 'uorlcelo.rd enbrlqo rouelue lq6u eqt ur 'uler6o;n
-culue^ uol 'g ';leus ,{1en4e1er sr fueye xa;lurncrc eql snurs rouo}ue
lq0U etll ur erlso 6ururolpe 0urlroqs 'uotlcelo.td enbtlqo toualue ge1 eq1
ur '&epe xollurncrc pup VCH aLlt lo uer6or6uy'y '91'993 ernbt3
I 
'lueureceld
-eJ eAIe^ prlru lueder InJsserJns lue,4AJepun luequd eq1 'lueserd
se,tr .{cuercg3insur I€rrru luectyru8rs leql peuJguoc pu? snuls
,{reuo:oc tq8u eqt ruo4 esoJe ,(rege xegruncJrc eqt leqt pe,lloqs
rllud JIlJoBoJlaU s 8upuo11og pue snuls JoJJaluy
IqBIU aql uorg Sugqry ,tragy xegrunJrlJ :snuls ellsoddo aql q runl5g ,{reuoro3 aql Jo uolleco'I sno1eruouv
(l y'St'tUC '3rg) uorlezrreleqlec celprec a,rr1e:edoe.r4 '.(qd
-erSorprecoqce pe8eqdosesue;1 fq pesouSerp se 'I€el relnlle^
-urud luucrgru8rs e rpr,r pelueserd 'lueuecelde; eAIeA IEIrru puu
es€esrp ueer{ cqeunaqJ.;o ,{rotsrq E qll.t\ 'u?luo/r\ p1o-reef-EE y




Anomalous Location of the Coronary Ostium in the Opposite Sinus: Circumflex Artery Arising From the Right
Anterior Sinus (Right Mixed Trunk) and Following a Retroaortic Path
A 68-year-old woman with a history of hypertension, cigarette
smoking, and hyperlipidemia was admitted for the evaluation of
frequent severe chest pain. On cardiac catheterization, the small
LAD was the only vessel seen to originate from the left sinus
(Fig. CR4.19, A-D). The dominant RCA arose jointly with the
circumflex artery, which followed a retroaortic path. Mild pro-
lapse of the mitral valve was noted, but no coronary obstructive
disease was present. Medical treatment was recommended. I
D
Figure CR4.19. A. Angiogram of the RCA in the posteroanterior projection, showing anomalous origination of the
circumflex (Cx) artery lrom the proximal RCA. The distal RCA provides a large posterolateral branch (PL) that partially
nourishes territory normally served by the circumflex artery. The circumflex artery itself is rather small. B and C. Left
coronary angiograms in the left (B) and right (C) anterior oblique projections, showing that only the small LAD arises
from the left sinus. D. Schematic diagram of the coronary anomaly (coronal plane). Cx : circumflex artery; L :
LAD; Mx : mixed proximal trunk; Pd - posterior descending artery; PL : posterolateral branch.
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CASE REPORT 4.21
Anomalous Location of the Coronary Ostium in the Opposite Sinus: Circumflex Artery Arising From the Right
Anterior Sinus (Right Mixed Trunk) and Following a Retroaortic Path
A 38-year-old woman, who had had an "innocent" cardiac mur-
mur since childhood, presented with a l-year history of exer-
tional dyspnea and mild cyanosis. Physical examination revealed
a harsh 4/6 pansystolic murmur at the left sternal border. Car-
diac catheterization showed a large ventricular septal defect and
infundibular stenosis (anatomically, because the pulmonary valve
was normal, the patient did not have tetralogy of Fallot; physio-
logically, however, she had a mild form of that anomaly). Coro-
nary angiography revealed anomalous origination of the circum-
flex artery and the ramus medianus (RM), which arose with a
common trunk from the right anterior sinus jointly with the
RCA and followed a retroaortic path (Fig. CR4.2l, A&B). The
left anterior aortic sinus gave rise to only a small LAD artery
(Fig. 4.21C) that did not reach the cardiac apex (dominant RCA
with terminal branches wrapped around the apex). The patient
underwent successful surgical correction of the congenital heart
defect. I
Figure CR4.21. Angiograms of the right anterior sinus artery in the
posteroanterior (A) and left anterior oblique (B) prolections. The initial
common, mixed trunk (Mx) subdivided into a retroaortic circumflex/
ramus artery (RM) and a dominant RCA. Note the unusual extent of
the distal RCA, whose posterior descending branches wrap around
the apex (WA). At the right cusp, the mixed trunk covers a larger
territory than the normal left main trunk in the usual coronary pattern.
ln clinical practice, the term "left main equivalent" is used for this
unusual pattern. OM : obtuse marginal branch. C. Solitary LAD
arising from the left sinus.
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Figure CR4.22. Angiograms of the LAD in the left (A) and right (B) anterior oblique projections. Angiograms of the
right coronary sinus, in the cranial left (C) and right (D) anterior oblique projections, showing a mixed trunk that arises
from the right sinus. The posterolateral (PL) branch of the RCA supplies a larger lerritory around the obtuse marginal
artery than does the circumflex artery (Cx) proper, which may be considered split. Mx : mixed proximal trunk; PD
: posterior descending artery.
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Figure CR4.23. A. Left ventriculogram in the
right anterior oblique projection. The RCA (ar-
rows) courses behind the aortic root. Coronary
angiograms in the posteroanterior (B), right an-
terior oblique (C), and left anterior oblique (D)
projections show that the circumflex artery is
dominant and the RCA relatively small. E. Sche-
matic diagram of the coronary anomaly (coronal
plane).
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Figure CR4.24. A. Left ventriculogram in the right anterior oblique projection, showing. inferoapical akinesia and
suggesting that the RCA has an anomalous path anterior to the aortic root (arrow). Angiograms of the left coronary
trunk in the straight (B) and caudal (C) right anterior oblique projections show early splitting of the left mixed trunk.
A long, eccentric stenotic lesion appears to lie against the aortic wall (view B, arrows) in the concavity of the RCA.
D and E. Angiograms of the left coronary ostium in the posteroanterior (D) and left anterior oblique (E) projections.
ln the RCA, an occlusion is present, distal to the initial eccentric lesion (view D, arrows) and the origin of the large
anterior right ventricular branch (ARV). LAD : left anterior descending artery.
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CASE REPORT 4.26
Anomalous Location of the Coronary Ostium in the Opposite Sinus: RCA Arising From the Left Sinus (Left Mixed
Trunk) and Following a Preaortic Path ("Single LCA")
A77-year-old hypertensive male smoker presented with a his-
tory of dyspnea, angina, and near syncope. Echocardiography re-
vealed a critical aortic stenosis. Cardiac catheterization showed
no significant coronary obstructive lesions, but the RCA arose
anomalously from a left mixed trunk and followed a preaortic
path (Fig. CR4.26, A-D). The patient underwent successful aor-
tic valve replacement and prophylactic aortocoronary venous by-
pass grafting of the RCA. The anatomopathology of the aortic
valve suggested a congenital bicuspid anomaly rather than rheu-
matic valve disease. This case is another example of "single
LCA." The indication for a "prophylactic" RCA bypass is not
well established, but such a surgical procedure is clearly justi-
fied in a patient who requires cardiac surgery for other reasons
(in this case, aortic valve replacement). I
D
Figure CR4.26. Angiograms of the LCA in the following projections: posteroanterior (A), right anterior oblique (B),
and left anterior oblique with a slight caudal tilt (C). The dominant RCA takes off from the proximal common (mixed)
trunk at a 90' angle and immediately pursues a normal course in the right atrioventricular groove, as shown by the




ponurluoc 'fuaye xe;;r.uncrc : xC '0n0016 relnculuarualur .loualue leurrxo.rd eql ur Ource!nsor erolaq
(Lunldes aql lo lsou ser;ddns qclq/v\) (dfs) qouerq leldos a6rel e ot esu senrb pue u.rnldas relncrrlue^ Uel eql otur
spuocsep il :(gz't uodeH eseC eas) sorleuroup rplrurs ur lensn sr ueql ra^ ol sesrnoc CVI aql '6y1 crdolce aql qllm
peJeqs eqcru e16urs e uorl sosrle qclq/v\ 'VCU ;eurtxord pepnlcco {;1e1o1 e ;eenel 'suotlcelotd enbtlqo tottelue (O) Uel
pue (C) trl6u er.ll ut 'snurs .loualue tqbu etlt 1o suer6or6uy '6y1 crdolca eLll ruot; slesson lerolelloc er^ sllg lr uorl/v\
uraped lueururop e smot1s lnq papnlcco I11e1o1 sr fuepe xe;lunc.rp eq1 '(nU) snuJer e pue (69) qcue.rq leuobetp
oblel e pue (ls l) letdes lsrU e olur sapr^rpqns uoos (y!l) )unrl rorralue ;eurrxo.rd orll :aprs llol allt uro.ll luosqe ^lletol
lou sr OVI aqf 'suorlcalord anbrlqo rorrelup (g) gel pue (V) tqbU aql ul VCI aq1 ;o suetbotbuy '27'pgg eln6;3
1 
'(seqcuerq qr;o .ftrroferu eql pu€ esrnoJ sll ol lceds
-er qlr,r\) qcuerq pldes e Jo seJrueal eql seq ,(llueuruloperd snurs
lq8rr eq1 uror; seleur8rro leql Iessel purrxord eq] eJurs ,.'qcueJq
pldas e ruo4 CV.1 eql;o uorleut8uo snoleluouu,, pe[IJel
eq osle ppoc ]I 'Cyl t11ds e;o eldruuxe reqloue sl es€r srqJ
'saqruerq leur8reu esntqo pue leuo8erp pue 'CV'I 'VJU eqt Jo
8un;ur8 ssed.{q .{reuorotouo€ lua. AJepun luerlud eql 'xegurnJJlc
eql Jo seqruerq pur8reru esnlqo pue yJd eql g:o ,{ra1re Sutpuecs
-ep rorrelsod eqt ot uoqelnrrn leretellor parlddns osp CV-I eqJ
'lp.r nlnrlrlue^ uel rouelue eq1 ;o suorgod Flsrp pue pFu eql
Sur,tlddns 'qled Iutdese4ur ue pe.{oIIoJ pu" 'VCd eqt yo drunls
eqt 01 txeu 'snurs roFelue tqAF eql ruo.r; esore CV'I eqJ 'G-y
'L7V6J'3rg) lessel urelu Uel eql Jo srsouets ereles ss IIe.a se
'frege xegunJJrc pue VJd eql Jo uorsnlJco purtxord pe.{oqs
,{qderSor8ue ,{ruuoro3 'ursfrneue Jruoe puruIopqe ue;o rrude;
euo8repun ,{1snor,terd peq pue eseesrp freue .fteuoroJ JoJ sJolcq
1su e1dr11nru peq lueued eq; 'eur8ue olq€tsun roJ perrup€ s?.^A
uruoqdru,(1 IIec-J snoeuelnc e8els-,(pee qlt,t\ uelrr p1o-ree,(-79 y
(AVf tndS) qled luldasurlul uB 3upuo11og puu snqs rolratuv IqBIU oql ruord SulsIrY 11V'I
EI I / sNYt{nH NI sf,rutrJ){V ^){VNor{o) snorv7roNv (INV 'IvTaIoN
l,z't Juodsu trsvJ
116 / Cnarrrn4
Figure CR4.27. (continued) E. Schematic diagram of the
coronary anomaly (frontal plane); 1st : first septal branch;
Ld : left anterior descending; sp : septal.
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CASE REPORT 4.29
LCA Arising From the Right Anterior Sinus and Following an Intraseptal Course
A 59-year-old man had a history of mild dyspnea on exertion.
Because an echocardiographic workup revealed left ventricular
dysfunction, the patient underwent heart catheterization. Left ven-
tricular angiography revealed a left ventricular ejection fraction
of 30Vo, with a diffuse, even pattern of hypokinesia (Fig.
CR4.29, A). Selective coronary angiography failed to show a cor-
onary ostium in the left anterior sinus; this absence was con-
firmed by means of aortography (Fig. CR4.29, B). The LCA
arose adjacent to the right coronary ostium, in the right anterior
sinus (Fig. CR4.29, C-F). The left main trunk was initially con-
sidered to run "between the aorta and pulmonary artery," but
further analysis indicated an intraseptal course. No significant
coronary obstluctive lesions were seen. Medical treatment was
continued; prophylactic bypass of the left coronary system was
seriously considered but was not performed.
Comments: This case involved an intriguing association be-
tween a coronary anomaly and a severe left ventricular myopa-
thy of unknown etiology. Whereas preaortic coursing of the
LCA is known to be associated with left ventricular myopathy,
intraseptal coursing of that artery does not seem to have such an
association, although the subject remains open to investigation.
A review of the angiographic literature suggests that the preaor-
tic, intraseptal, and prepulmonic courses are best differentiated
from each other in the right anterior oblique projection (Fig.
CR4.29, F-G). The anomalous preaortic left main trunk (cours-
ing between the aorta and the pulmonary artery) assumes a
slightly superoposterior path and reaches the left main stem
usual site before separating into the circumflex artery and the
LAD (as shown in the literaturea35;. In our experience, most of
the cases labeled as preaorlic in clinical practice have actually
tumed out to be intraseptal on critical analysis. )
Figure CR4.29. See legend on next page
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CASE REPORT 4.30
Anomalous Location of the Coronary Ostium in the Opposite Sinus: LAD Arising From the Right Anterior Sinus
and Following an Intraseptal Path
A 49-year-old woman with diabetes mellitus and a history of an-
gina had an acute inferior myocardial infarction that was treated
with thrombolytic agents. Cardiac catheterization revealed occlu-
sion of the proximal RCA, with inferior akinesia and a mildly
decreased ejection fraction. The LAD originated from the right
coronary sinus and followed an intraseptal path. The patient re-
fused to undergo coronary artery bypass surgery. Interestingly, a
follow-up examination 2 years later showed that her coronary
disease had progressed to involve the proximal circumflex,
ramus intermedius, and LAD (at the ostium). The patient later
succumbed to sudden death. )
Figure CR4.30. Angiograms of the RCA in the left anterior
oblique (A) and posteroanterior (B,G) projections. (continued)
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RCA Arising From the Left Anterior Sinus and Following a Precardiac (or Prepulmonic) Path
A 4O-year-old hypertensive man with typical exertional angina
underwent a treadmill electrocardiographic test that was negative
for coronary artery disease. Coronary angiography revealed mul-
tiple significant lesions in the LAD. The nondominant RCA
arose from the LAD and followed a precardiac path (Fig.
CR4.3l, A-C). The circumflex artery was the dominant vessel,
but it stopped at the posterior descending artery (PDA) (Fig.
CR4.3l, C). The patient underwent successful balloon angio-
plasty of the LAD. I
Figure CR4.31. A. Aortogram in the left anterior oblique projection,
confirming that the right anterior sinus (view A, R) has no coronary
ostia. Left coronary artery angiograms, in the posteroanterior (B) and
left anterior oblique (C) projections, showing the RCA's anomalous
origin and path. The sinus node artery (SN) originates from the mixed
main trunk. The fact that the anomalous RCA's path is prepulmonic
(not intraseptal) is indicated by both the anterior and the superior
course and by the presence of a proximal infundibular (and anterior
right ventricular) branch instead of a septal one (arrows). PD : poste-
rior descending artery.
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CASE REPORT 4.33
Anomalous Location of the Coronary Ostium in the Opposite Sinus: LCA Arising From the Right Sinus (via a
Mixed Trunk) and Following a Prepulmonary Path ("Single Coronary Artery")
A 37-year-old male smoker presented with severe atypical chest
pain associated with inversion of the inferior electrocardio-
graphic T wave. Cardiac catheterization showed marked mitral
valve prolapse. The LCA arose from a righrsided mixed trunk
(so-called "single RCA") and followed a prepulmonary path
(Fig. CR4.33, A-F). Medical treatment was recommended. )
Figure CR4.33. Angiograms of the single coronary artery, in the posteroanterior (A), mildly cranial right anterior
oblique (B), left anterior oblique (C), mildly cranial left anterior oblique (D), and lateral (E) projections. The undivided
LCA trunk runs just in front of the expected site of the pulmonary valve (see view E, pulmonary catheter), and gives
rise only to a small infundibular branch (lNF, lB). The short, mixed trunk (single coronary ostium) is clearly evident
(arrow). The proximal portion of the circumflex artery produces a septal branch (SEP). (continued)
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CASE REPORT 4.34
Atresia of the LAD Ostium Versus Origination of the LAD
A 60-year-old male smoker with hypercholesterolemia and diabe-
tes mellitus had a family history of sudden cardiac death. For
several months, the patient had been experiencing fatigue and
shortness of breath on moderate exertion. He had had no clinical
or electrocardiographic evidence of a myocardial infarction. Dur-
ing the present admission, treadmill testing was terminated
within less than 5 minutes because of dyspnea, but no electrocar-
diographic changes were observed. Cardiac catheterization re-
vealed a significant stenosis of the proximal RCA (Fig. CR4.34,
A). Atresia or occlusion of the proximal LAD was also docu-
mented; the rest of the LAD could be visualized only from the
From the RCA/Posterior Descending Artery
RCA via its end-to-end anastomosis with the posterior descend-
ing artery (Fig. CR4.34, B and C). The patient underwent suc-
cessful balloon angioplasty, followed by stenting of the proximal
RCA (which may constitute a mixed trunk or a left main "equiv-
alent" as classified by Roberts et a1326;.
Comment; The fact that, in this case, the LAD shows a single
angiographic origin from the posterior descending artery, in the
presence of normal left ventricular function, suggests that the
proximal LAD interruption is a case of congenital atresia (pre-
natal) origin, not an acquired occlusion. )
Figure CR4.34. See legend on next page
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CASE REPORT 4.35
Coronary (Pseudo) Hypoplasia
A 40-year-old man with hypertension, hypercholesterolemia, and
diabetes mellitus, had an abnormal baseline electrocardiogram.
Exercise thallium scintigraphy suggested the presence of antero-
lateral ischemia. Cardiac catheterization revealed a " hypoplas-
tic" distal LAD system, featuring a large diagonal branch and a
dominant RCA whose posterior descending branch wrapped
around the cardiac apex (Fig. CR4.35, A-Q. Medical treatment
was continued.
Comment: This abnormal coronary pattern is probably congen-
ital and benign (not associated with ischemia or an increased
risk of myocardial infarction). In this case, it did not appear to
be responsible for the abnomal nuclear scintigram. In cases of
acquired coronary artery disease, the LAD would not be by-
passable. I
Figure CR4.35. Angiograms of the LCA, in the posteroanterior (A)
and left anterior oblique (B) projections, showing a large diagonal
branch (Dg) and a small postdiagonal LAD. C. Angiogram of the RCA,
in the left anterior oblique projection, showing a large posterior de-
scending branch that wraps around the cardiac apex (WA).
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Figure CR4.36. (Continued) E and F. Angiograms of the LCA, in the
right anterior oblique projection, during systole (E) and diastole (F).
G. Left ventricular angiogram, in the right anterior oblique projection,
showing a hyperkinetic left venlricle during end-systole. The systolic
narrowing of the LAD's midsection is severe (80%), involving a rela-
tively long segment of this artery (arrows, views A, C, and E).
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CASE REPORT 4.38
"Absent Posterior Descending Branch" (Sptit RCA)
An 8l-year-old man was admitted with a history of prolonged
chest pain at rest. The pain had begun a few weeks earlier. Car-
diac catheterization revealed occlusion of the mid LAD (not
shown), with a mildly to moderately decreased ejection fraction.
The RCA showed no significant coronary disease, but it had two
posterior descending branches (split RCA) (Fig. CR4.38). A
rest-stress nuclear left ventricular performance study was signifi-
cant only for mild inferior hypokinesia at peak stress, without
changes in the LAD's territory. The patient was discharged from
the hospital on a medical regimen. I
Figure CR4.38. Angiogram of the RCA in the cranial left anterior oblique projection. The high (H) posterior
descending branch oiiginates from the RCA, which courses in the distal atrioventricular groove. The low (L)
posterior descending branch arises as the continuation of an abnormally large acute marginal branch and
supplies the infero-apical portion of the ventricular septum.
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CASE REPORT 4.40
"Absent"/Split LAD: One LAD Originating From the LCA
A 62-year-old woman with a history of aortic valve replacement
underwent cardiac catheterization before having elective redo
aortic valve surgery. Her RCA produced an epicardial vessel
that coursed in the mid and distal portions of the anterior inter-
ventricular groove, and the proximal LAD ended prematurely in
the proximal groove (Fig. CR4.40, A-C). The circumflex artery
and the Other Originating From the RCA
originated anomalously from the proximal RCA and followed a
retroaortic course. Echocardiography revealed normal left ventric-
ular function. At the time of redo aortic valve surgery, no inter-
vention was carried out on the anomalous coronary artery (no in-
farction was noted at the apex). I
Figure CR4.40. Angiograms of the RCA in the right (A) and left (B)
anterior oblique projections. The anomalous circumflex (Cx) and dis-
tal LAD (dL) arteries clearly originate from the proximal "RCA" (right
mixed trunk) and the posterior descending artery, respectively. ln
view B, note the close proximity between the anomalous circumflex
artery and the aortic prosthesis. C. Angiogram of the LCA, in the
cranial left anterior oblique projection, showing the proximal LAD's
unusually short length (pL): beyond the origin of the second septal
branch, the LAD ends in three smallterminal branches. No collaterals
are seen between the proximal LAD and the distal LAD. lt is possible
that the interruption of the LAD was caused by an acquired condition
(not a congenital one); nevertheless, the absence of collaterals from
the proximal LAD and the continuation of the posterior descending
adery into the anterior (distal) descending artery, with gradual taper-
ing as it ascends the anterior interventricular groove, in the absence
of anterio-apical scarring, support the theory that this was indeed a
congenital variant (see also Case Report 4.34).
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CASE REPORT 4.41
"Absent" Coronary Artery (LAD with Large Septal and
A 55-year-old man with hyperlipidemia was admitted because of
atypical chest pain and an abnormal treadmill test result. Selec-
tive coronary angiography showed a peculiar LAD pattem: the
first septal branch was quite large and provided most of the ante-
rior septal perforating branches (Fig. CR4.41, A and B); the diag-
Diagonal Branches)
onal artery was also large, reaching the apex with its terminal
branch. No significant coronary obstruction was detected. The
RCA (not shown) was dominant and normal. This coronary pat-










Figure CR4.41. Angiograms of the LCA, in the right (A) and left
(B) anterior oblique projections. A large first septal branch (SEP) is
present, but no anterior interventricular groove adery can be identi-
fied. The large diagonal arlery (Dg) produces an apical branch (Ap).
C. Diagrammatic representation of the anomaly. The dotted line rep-
resents the expected location of the "missing" LAD at the anterior
interventricular groove. The area of the septum normally supplied by
the LAD is in this case supplied by the large first septal branch and
a recurrent apical branch of the large diagonal artery. A : expected




Coronary Artery Fistula to the Right Ventricle
A 32-year-old policeman presented with recent-onset chest pain
associated with diaphoresis. A treadmill thallium test showed
mild anterolateral stress-induced ischemia and mild left ventricu-
lar dilation. At ages 7 and 12 years, the patient had undergone
cardiac catheterization for a continuous precordial murmur, and
a coronary fistula had been diagnosed. At that time, medical
ffeatment was recolnmended because of the absence of symp-
toms and the evidence of a mild left-to-right shunt (1.1 : I pulmo-
nary-to-systemic flow ratio). Cineangiograms obtained when the
patient was 12 years old showed a fistula that arose from the
proximal LAD and drained into the right ventricular outflow
tract (Fig. CR4.42, A and B). Distal to the fistula, the LAD was
small but patent. Left ventricular systolic function was normal.
On the present admission, physical examination was signifi-
cant for a continuous murrnur at the anterior precordium. Car-
diac catheterization revealed significant left-to-right shunting
(Qp:Qs : 1:1.25) at the level of the right ventricular outflow
tract. Left ventricular angiography indicated that systolic func-
tion was diffusely impaired, with an ejection fraction of 40Vo.
The proximal left main coronary artery had a mild, but definite,
ostial stenosis related to the presence of a membrane-like struc-
ture (Fig. CP.4.42C, arrows). The proximal trunk of the LAD
showed a large aneurysmatic dilation (of the same diameter as
the left anterior sinus), which ended in a short fistulous connec-
tion with the right ventricular outflow tract (Fig. CR4.42, D and
E). AN : aneurysm; FS : fistula; PA : pulmonary artery;
RVOT : right ventricular outflow tract. On left coronary angi-
ography, the distal branches of the LCA were poorly filled, and
the distal LAD and circumflex arteries were filled by means of
collateral vessels (COLL) from the RCA (Fig. CR4.42F). These
collaterals had not been seen on the angiogram obtained at age
12 (Fig. CR4.42B). The pressure in the proximal LAD was ob-
tained by advancing a left coronary Amplatz-Il guiding catheter
over a 0.001-inch guidewire. The pressure looked ventricu-
laized, with a diastolic value of about 20 mm Hg. Figure
CR4.42G shows a schematic diagram of the coronary anomaly.
At corrective surgery, the LAD aneurysm was entered to li-
gate the fistulous tract to the right ventricle. A l-mm probe
could not be passed into the small distal portion of the LAD.
Therefore, the left internal mammary artery was implanted into
the distal LAD (l-mm diameter), and a vein graft was inserted
between the aorta and the ramus medianus (2.5-mm diameter).
The circumflex artery was entered with a l-mm probe but was
not bypassed. An ostial ridge on the aortic left coronary ostium
was resected.
The patient recovered uneventfully but, I month after surgery,
he presented with an episode of prolonged chest pain, accompa-
nied by electrocardiographic T-wave changes and mild creatine
phosphokinase elevation. New angiograms (Fig. CR4.42, H-L)
showed the disappearance of the earlier left main ostial mem-
brane, filling of the small circumflex system, and distal obstruc-
tive disease of the obtuse marginal branch (view H). This dis-
ease was interpreted as evidence of recent distal clot
embolization, probably from the aneurysmatic left main trunk.
The vein graft to the ramus medianus was patent (view I), but
the left internal mammary artery implant had a critical stenosis
(arrow) at the distal anastomosis (views J and K). The distal
LAD had a much larger diameter than on the preoperative angio-
gram, and multiple new collateral vessels connected the LAD
with the lower left pulmonary artery. Angiography of the RCA
(view L) revealed an absence of collaterals (arrows), and the
RCA had a normal diameter.
The patient underwent angioplasty of the distal left internal
marnmary artery anastomosis with a25-mm balloon catheter,
followed by insertion of a 3.0-mm stent (NIR ON; SCIMED,
Boston Scientific, Boston, Massachusetts, USA).
This case clearly illustrates the possible complications that
may be associated with the natural course of a medium-sized cor-
onary afiery fistula: aneurysmatic dilation (with the potential fbr
distal embolization of mural thrombus before and after repair of
the fistula) and distortion of the coronary anatomy resulting
from different rates of growth of the different coronary segments
(see the ostial obstructions of the left main coronary artery and
distal branches;. )
Figure CR4.42. A. Posteroanterior aortogram obtained at age 12 years, showing the ectasic left main and proximal
LAD arteries, with a poorly visualized (in this photo) fistula from the LAD (L) to the right ventricular infundibulum. B.
Angiogram of the RCA in the posteroanterior projection, obtained at age 12 years, showing no ectasia or collateral
flow to the LCA. (continued)
(penuuuoc) 'VCl eql;o 6ur1;r1 dnlceq pue gounl poob burrvroqs 'uoucafo.rd anbrlqo
roualue ltl6u eql ut 'ger6 ula^ (f{U) snuerpour snueu 'H 'gounr qsr66nls qlrm (s1suelse) sosouo}s le1srp lueredde
I;alau suteluoc qcrqirn 'uelsls xellurncrc anrlnurulp eql olur ;gounr rood pue erselco lualsrs.rad burivroqs 'uorgce[otd
enbr;qo rouegue tq6u eql ul VCI aql ;o urerborbuy 'g 'OVl pue (llOC) xalluncltc aql ol llomlou leloleloo qou
e pue erselca asngtp butivroqs 'uotlcefo.rd rouelueorelsod or.ll ul VCU aq1 1o urerOorbuy 'g ',ta1re fueuourlnd : y3
:eclluo snolnlsrl : 93 lrusfuneue : NV 'uorlcolur orl] ro (l) eseqd eleg eql ul OO1U) tcplt ir^olgno le;ncr.rluan 1q6u
aql pue (q) eseqd lpea eq1 u; (53) petl snolnlsll aq1 butrvroqs {peelc 'uo4celord enbrlqo rouo}ue tqbu eW ul VCI
aql 1o uetootbuv '3 pup O 'elnlsll (1g) relnculuen lqbu o1 CVI or.ll pue srsouols elrl-euerquaur lelso olll ourrvroqs
'uorlcefold enbr;qo rouelue Ual leruerc eq1 ur 'sreeI 79 e6e 1e y31 eq1lo uLer6or6uv 'C (ponutluoC) 'Zt'tUC ernOll
Lil / stlvltng NI ssnlsJ)rv ^dvNodo3 snolv"{oNv (INV'rvranoN
138 / Crr.qprrn 4
L
Figure CR4.42. (Continued) | and J. Left internal mammary artery graft to the LAD, in the right anterior oblique
projection, showing distal anastomotic stenosis (arrow) and multiple newly formed collaterals (Q) leading from the
LAD to branches of the left-lower-lobe pulmonary artery. K. Angiogram of the RCA in the posteroanterior projection,
showing the absence of collateral filling of LCA branches (arrows). The size of the RCA has decreased since preopera-
tive angiography. L. Diagram of the preoperative coronary anatomy and physiology, with a simulated rendering of
the pressure tracings obtained at the following sites proximal and distal to the fistulous tract (anow): aorta (driving
source), LAD (direct source), and RCA (receiving cavity). Abbreviations as above; OS : ostial stenosis.
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Figure CR4.43. (Continued) E. Angiogram of the RCA, in the right
anterior oblique position, showing that the large anterior right ventric-
ular branch and the proximal RCA are quite ectatic and carry most
of the fistulous flow, while the distal RCA seems to have a normal
luminal size.
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CASE REPORT 4.44
RCA to Right Ventricular Fistulas Secondary to Multiple Right Ventricular Biopsies
A 55-year-old man, who had had an orthotopic heart transplant
because of ischemic cardiomyopathy, underwent an annual post-
transplant cardiac catheterization procedure. Right coronary angi-
ography showed a coronary-to-right ventricular fistula that had
not been present on the first posttransplant angiogram. Postopera-
tively, the patient had had several right ventricular biopsies.
which resulted in the acquired fistula. No intervention was neces-
sary for this acquired coronary anomaly.
Figure CR4.44. Angiogram of the RCA in the right anterior
oblique projection. A small coronary to right ventricular fistula
(F) is clearly seen to fill from a proximal and a distal right
ventricular branch.
Comment'. The fact that an acquired fistula causes coronaro-
cameral drainage from adjoining coronary branches may suggest
that collateral branches have been activated by the right ventricu-
lar (1ow-pressure) run-off. This phenomenon might be relevant
for interpreting the frequent angiographic finding of multiple
souces (by neighboring coronary branches) also for coronaro-
cameral fistulas of congenital origin. I
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CASE REPORT 4.45
Double Coronary Artery Fistulas to the Coronary Sinus
A 5l-year-old man was evaluated for cardiovascular disease
after experiencing acute dyspnea, diaphoresis, and atypical chest
pain. A heart murmur was detected, and cardiac catheterization
revealed two fistulas (Fig. CR4.45, A-C), one arising from the
circumflex artery and the other arising from the RCA, both of
which drained into the coronary sinus. The patient was treated
with coumadin. Because his exertional dyspnea worsened, he
sought a second opinion 6 months after the first evaluation. Phys-
ical examination was significant for a 2/6 systolic ejection mur-
mur and a 1/6 diastolic murnur at the left sternal border. Echo-
cardiography showed a dilated coronary sinus, with an increased
flow velocity across the coronary sinus into the right atrium.
The right atrium and right ventricle were mildly dilated, and the
pulmonary artery pressure was normal. The pulmonary-to-sys-
temic flow ratio was calculated at between 1.8 and 2.1. Coro-
nary angiography confirmed the presence of circumflex artery
and RCA fistulas that drained jointly into the coronary sinus
(Fig. CR4.45, D). A sestamibi treadmill test was negative for is-
chemia or myocardial scarring. The patient underwent successful
elective ligation of both distal feeding arteries. I
Figure CR4.45. Angiograms of the LCA in the posteroanterior (A) and left anterior oblique (B) projections, showing the greatly enlarged (6-
to-B-mm) left main and circumflex arteries, as well as meandering (MN) tortuosity (view A, .) of the distal circumflex (Cx) artery beforejts entry
into the coronary sinus (CS). The LAD (view B) and the obtuse marginal (view A, OM) branch are somewhat smaller than average. Early (C)
and late (D) angiograms of the RCA, in the posteroanterior projection, show aneurysmatic dilation of the entire artery, which ranged Jrom 10
to 12 mm ih Oiameter; the artery followed a meandering, tortuous distal course before draining into the coronary sinus next to the listulous
termination in the circumflex artery. ln view C, the right atrium (RA) is well visualized. MN : meandering tortuosity of the RCA. ln view D' the
posterior descending artery (PD) appears smaller than expected. D : distal RCA; P : proximal RCA.
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Acquired LCA to Pulmonary Artery Fistula
A 67-year-old man underwent coronary artery bypass surgery,
with placement of a left intemal mammary artery graft to the
LAD. Eight years postoperatively, follow-up angiography
showed that the graft was patent, but abnormal neovasculariza-
tion was noticed (Fig. CR4.47, A-Q. The neovessels originated
from a diagonal branch and fed a fistula to a left pulmonary arte-
rial branch. The lesion was considered unimportant clinically,
and medical treatment was recommended. I
Figure CR4.47. Angiograms ol the left internal mammary artery graft
in the right anterior (A), posteroanterior (B), and left anterior oblique
(C) projections. Abnormal neovessels (not present before coronary
artery bypass surgery) fed a left pulmonary artery branch (PA).
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CASE REPORT 4.48
LCA to Pulmonary Artery Fistula
A 61-year-o1d man with exertional chest pain underwent coronary
angiography, which failed to reveal coronary artery disease but
showed a small, short coronary to pulmonary artery fistula (Fig.
CR4.48, A and B). Medical treatment was recommended. !
Figure CR4.48. Angiograms of the LCA in the right (A) and left (B) anterior oblique projections. A small fistula (F)
arises from the proximal LAD artery and shows faint evidence of filling the main pulmonary artery (view A, MPA).
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CASE REPORT 4.49
LCA to Left Ventricular Fistulas
A 57-year-old man with a history of hypertension and increas-
ingly frequent episodes of angina underwent selective coronary
angiography, which failed to indicate fixed coronary obstructive
disease. All the coronary main branches were connected to the
left ventricle by means of extensive microfistulas. A nuclear
stress test yielded negative results. Medical treatment was contin-
ued. I
Figure CR4.49. Early (A) and late (B) angiograms of the LCA in the
right anterior oblique projection, showing the diffuse, "systematic"
nature of the patient's multiple small fistulas. ln view B, which was
obtained at end-diastole, a full ventriculogram becomes apparent. LV
: left ventricle. C. Right coronary angiogram, in the posteroanterior
projection, showing that the left (but not the right) ventricular branches
of the RCA also had microfistulas (F).
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Figure CR4.50. (Continued) (B) Electrocardiogram at the end of treadmill exercise (diastolic frame), when ST-
segment elevation in the inferior leads was severe and an episode of nonsustained polymorphic ventricular tachycar-
dia was recorded. C and D. lnitial angiograms of the LCA in the right anterior oblique projection during pharmacologic
withdrawal. The muscular bridge is indicated by arrows. (continued)
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Figure GR4.50. (Continued) l. Diastolic angiographic frame in the left anterior oblique projection, showing total
resolution of spasm and the persistence of systolic narrowing at the muscular bridge. J-N. lntracoronary ultrasound
images of the LAD, after intracoronary nitroglycerin administration, at the following sites: distal to the muscular bridge
(J); at the muscular bridge (end-systole) (K); at the muscular bridge (end-diastole) (L); at the bend, proximal to the
muscular bridge (M); and at the LAD ostium fiust distal to the circumflex separation) (N). Note that passage of the
ultrasound catheter caused spasm at the proximal LAD bend (view M), most likely because of mechanical stimulation.
Area calculations are indicated in each view.
